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SHORT SUMMARY

Should we engineer the climate?
Climate change is one of the defining issues of our time.

Latest studies from the IPCC (Intergovernmental Panel on Climate
Change) show that the 1.5°C warming threshold could be reached
as early as 2030, increasing the risks of extreme and irreversible
climate effects.

The current speed of global warming is giving a strong impetus to
consider all options available to counter the heating
effect of greenhouse gases, including the most
uncertain ones such as climate engineering.
Yet, the emergence of these technologies has
given rise to fundamental ethical questions
about their potential implications on human
and natural systems.

3.6 villion

people already live in
areas highly susceptible
to climate change

For the first time, a Report by the COMEST
(World Commission on the Ethics of Scientific
Knowledge and Technology) presents a
comprehensive global ethical perspective on
climate engineering, with a thorough assessment of

the ethical, social, and cultural implications of these technologies.

Based on the identified ethical challenges, COMEST also puts

forth concrete recommendations for Member States and all

relevant stakeholders — including scientists, policymakers, affected
communities, and the public - to address the research and potential
development of climate engineering technologies in a transparent
and inclusive manner.

“Since wars begin in the minds of men and

@ U n e s Co women it is in the minds of men and women

that the defences of peace must be constructed”
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FOREWORD

FOREWORD

Climate change is the defining challenge of our lifetime. With one record-breaking temperature
after another, the effects of climate change become increasingly pronounced worldwide. As time
runs out, we cannot rule out any option to counter these worrisome developments and put us on
the right path.

Climate engineering is one of such options, referring to a set of methods and technologies that
aim to deliberately alter the climate system. With the potential to stabilize and even reduce
global temperatures, it could have the potential to become a tool in alleviating climate impacts.

However, as with all new and disruptive technologies, this rapidly evolving field has also brought
up some profound ethical questions. Actually, the very notion of considering climate engineering
as a potential solution to climate change is an ethical question. Concerns exist that it may be a
techno-fix solution to a much bigger issue, leading to the risk of diverting resources away from
emissions reductions and adaptation efforts. Moral hazard issues also play a role, as climate
engineering may also cause a relaxation of the efforts.

Second, the lack of comprehensive research on their environmental and human impacts has
sparked fears of unintended consequences. It has also fuel misinformation and even conspiracy
theories on weather manipulation.

Finally, current governance systems, particularly at the international level, are not fit for purpose
to deliver inclusive outcomes. Besides, the transboundary nature of these technologies has the
potential to trigger geopolitical tensions: climate knows no frontier, and, in this field, any action
done in one country inevitably affects others. A coordinated, multilateral approach that brings all
voices around the table is crucial for effective oversight.

In this context, UNESCO’s World Commission on the Ethics of Scientific Knowledge and
Technology (COMEST)'s report on the Ethics of Climate Engineering is timely and relevant.
Building upon UNESCO's unique ethical mandate, and a track record of three decades delivering
on evidence-based analysis, the analysis sheds light on the various risks these technologies
raises, and concludes that their benefits must be weighed against broader societal, ethical, and
cultural implications.

In presenting here an in-depth assessment of the implications of climate engineering
technologies and practical recommendations to guide normative action, this report puts into
practice the UNESCO Declaration on the Ethical Principles in relation to Climate Change (2017),
which calls upon global partners to mobilize around ethical principles to guide decision-making
and policy development to address climate change at all levels.

© UNESCO
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In the context of declining trust in science, we need to promote inclusive and transparent debate
at all levels and raise public awareness - especially regarding these potentially world-changing
technologies. The climate emergency must not make us forget that the discussion around
climate engineering is not merely a technological debate: it is above all a societal debate.

UNESCO is committed to working with Member States and all stakeholders to continue to frame
this debate, ensuring that any decisions taken on climate engineering technologies are well-
informed and ethically sound, upholding human rights and fundamental freedoms.

Lidia Brito
Assistant Director-General a.i.

for Social and Human Sciences,
UNESCO



ithin the framework of its work programme for 2021-

2022, the World Commission of UNESCO on the Ethics of

Scientific Knowledge and Technology (COMEST) decided

to address the topic of the ethics of climate engineering,
building on its reflection on climate change and environmental ethics and
following its reports on Water Ethics: Ocean, Freshwater, Coastal Areas
(2018) and on Land-use Ethics (2021).

At the 11th (Extraordinary) Session of COMEST, held online in February 2021,
the Commission established a Working Group to develop an initial reflection
on this issue. The Working Group met online twice in October 2021 to define
the structure and content of its text. In preparation for the 12th (Ordinary)
Session of COMEST, held online from 29 November to 3 December 2021,
the Working Group prepared a Concept Note providing a synopsis of its
reflection thus far, which was presented and discussed at the public
meeting of the session on 3 December 2021.

Consequently, the Working Group continued its reflection on the topic during
an online meeting in May 2022, where it further developed the structure of

the report. The above-mentioned Concept Note was presented once again
to the 12th (Extraordinary) Session of COMEST from 19 to 23 September
2022, in which the Commission provided an update of their reflection thus
far. During that session, COMEST decided to continue its work on the topic
as part of its work programme for 2022-2023.

Taking into account comments and feedback received during the above-
mentioned session and in preparation for the 13th (Ordinary) Session of
COMEST from 18 to 22 September 2023, the Working Group met online

in March 2023 and in person in Italy in May 2023. At this meeting, the
discussion of the Working Group was enriched by a public symposium

held jointly by UNESCO and the Instituto Universitario di Studi Superiori
(IUSS - University School for Advanced Studies), Pavia. The final draft of the
report was prepared during the above-mentioned working group meetings,
revised during the 13th (Ordinary) Session of COMEST and adopted by the
Commission during an online plenary meeting on 28 November 2023.

This document does not pretend to be exhaustive and does not necessarily
represent the views of the Member States of UNESCO.
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EXECUTIVE SUMMARY

The report discusses climate engineering technologies, their technical and ethical dimensions,
the risks involved, as well as ethical issues and challenges related to climate engineering
research and governance.

Four lenses for ethical reflection on climate engineering

= Human-ecosystem interconnectedness highlights the need to consider the potential impacts
of climate engineering on ecosystems and biodiversity, as well as the ethical responsibilities
towards future generations and the overall health of the planet.

= Intergenerational ethics and justice raises questions about the long-term consequences
and fairness of deploying climate engineering technologies and the potential risks they may
pose for future generations.

= Proportionality requires evaluating whether the intended goals of climate engineering justify
the potential risks, trade-offs, and unintended consequences that may arise, considering
both short-term and long-term impacts.

= Distributive justice involves considerations of fairness, equity, and access to resources,
ensuring that the implementation of climate engineering technologies does not
disproportionately impact vulnerable communities or exacerbate existing inequalities.

The very idea of climate engineering

= Carbon Dioxide Removal (CDR] approaches have the potential to directly remove carbon
dioxide from the atmosphere, helping to mitigate climate change by reducing greenhouse gas
concentrations. These methods can store carbon dioxide permanently, contributing to long-
term carbon sequestration. Some CDR approaches, such as reforestation and ecosystem
restoration, have additional benefits such as restoring biodiversity, improving water quality,
and enhancing soil health. Many of these methods act slowly and may take a considerable
amount of time to have a significant impact. Certain approaches, such as tree planting, may
have limitations in terms of available land, resources, and potential conflicts with land use
for agriculture or human settlements. Moreover, some CDR methods may have unintended
adverse impacts on ecosystems, such as invasive species introduction, altering natural
habitats, or disruption of local biodiversity.
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Solar Radiation Modification (SRM) techniques can potentially provide a rapid reduction in
global temperatures by reflecting or blocking a portion of sunlight, providing a short-term
cooling effect. These approaches may be considered as a temporary measure in situations
where there is an urgent need to prevent or alleviate the impacts of extreme climate events
or to buy time for emissions reductions and other climate adaptation measures. The efficacy,
side effects, and potential unintended consequences of SRM approaches are not yet fully
understood. For example, altering solar radiation may disrupt weather patterns, impact
precipitation, and have regional climate effects that could affect ecosystems and agriculture.
SRM interventions raise ethical questions concerning power imbalances, accountability, and
the control and governance of climate-altering technologies. The potential for geopolitical
tensions and conflicts may arise if unilateral or unregulated deployment of these methods
occurs. Moreover, SRM does not address the underlying causes of climate change, namely the
high levels of greenhouse gas emissions. Its effectivenessrelies on continuous implementation
and could create a dependency on the technology without reducing emissions.

Ethical issues and challenges

The slippery slope argument suggests that by deploying climate engineering, society may
become reliant on these technologies and neglect other essential climate actions, such as
reducing greenhouse gas emissions. This argument raises concerns about the potential
diversion of resources and attention away from sustainable mitigation and adaptation efforts.

The moral hazard argument suggests that climate engineering could create a sense of false
security, leading to reduced efforts to mitigate climate change at their source. Deploying
these technologies without also addressing the root causes of climate change may undermine
the incentive for reducing greenhouse gas emissions and transitioning to renewable energy
sources.

The organized irresponsibility argument questions who should have the authority to make
decisions about deploying these technologies, how their impacts should be monitored
and regulated, and how potential unintended consequences should be mitigated. Ethical
considerations include ensuring transparent decision-making processes and robust
governance mechanisms.

The economic challenges argument raises questions about the feasibility and affordability
of deploying large-scale climate engineering projects, as well as the potential distributional
effects on marginalized communities. Ethical considerations involve assessing the economic
impacts, ensuring equity in access to these technologies, and preventing exacerbation of
socio-economic inequalities.
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Ethics of climate engineering research

= Scientific expertise does not simply translate into policy advice. Decision-makers often face
the challenge of navigating conflicting policy proposals with evidence and counterevidence.
Recognizing this interdependence helps ensure that scientific research is effectively
integrated into the decision-making process.

= Media have the power to frame public discourse and shape the narratives surrounding
climate engineering. The way they present and communicate information can influence
public perceptions, values, and attitudes towards climate engineering research. Responsible
media reporting takes into account scientific consensus, uncertainties, and potential risks,
while also highlighting societal implications and ethical considerations.

= Mediaplaysacriticalrole in holdingresearchers andinstitutions accountable for theiractions
and decisions in climate engineering research. Through investigative journalism and critical
reporting, the media scrutinizes and brings attention to ethical, social, and environmental
Issues associated with the research. This helps ensure transparency, accountability, and
responsible conduct in climate engineering research.

Ethics of climate engineering governance

= Governance should ensure accountability and transparency in the development and
deployment of climate engineering technologies. Clear mechanisms for monitoring,
reporting, and evaluating the impacts of these interventions should be established to ensure
that they are implemented responsibly and ethically.

= The governance framework needs to establish a legitimate and inclusive decision-making
process that involves input from various stakeholders, including scientists, policymakers,
affected communities, and the public.

= The governance of climate engineering requires the development of effective regulations and
legal frameworks that address the potential risks, unintended consequences, and ethical
implications of these technologies. This includes establishing international agreements and
guidelines to guide their research, development, and deployment.

= Since climate engineering has the potential to have transboundary impacts, effective
governance should facilitate international cooperation and coordination. This includes
developing mechanisms for sharing information, collaboration in research and development,
and addressing potential conflicts of interest among different nations.
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Recommendations

= Governance: Decision-makers must engage openly and responsibly in monitoring climate
action, including climate engineering, and ensure that decisions are made with environmental
benefits in mind and are fair to present and future generations. Scientific facts, technological
specificities, uncertainties, cultural influences and risk distribution should be taken into
account when making decisions on climate engineering. Member States need to develop laws
to regulate climate engineering that are aligned with international standards. They must also
be aware of their global impact, promote international and intercultural dialogue and foster
regional cooperation for balanced environmental impacts. Additionally, climate engineering
proposals must include mitigation strategies and the weaponization of such technologies
must be universally banned.

= Participation and Inclusiveness: Awide-ranging, collaborative approach is needed in climate
action, from international to local community levels. It's important to involve and encourage
civil society and citizens to participate and influence government decisions. Special attention
should be given to ensuring that vulnerable groups, women, youth, and indigenous people are
included and their needs are considered in all climate action decisions.

= Role of Scientific Knowledge and Research: Research on climate action, including climate
engineering, should be unbiased and aim to clarify the effectiveness and risks of various
technologies. This research should span indoor studies, simulations, and small-scale
outdoor experiments, all conducted ethically and transparently. Decisions on climate action
must be based on solid scientific evidence and involve different scientific disciplines. Sharing
research findings globally is essential for informed decision-making and public debate.
Regular monitoring of the impacts of climate action is also crucial.

= Strengthening Capacity: Member States should boost their capabilities in managing climate
action and climate engineering, focusing on improving their institutions, technologies, and
ethical understanding. This involves supporting public and civic training and collaborations.
Additionally, businesses and industries should act responsibly, adhere to international
standards, and work closely with governments and international organizations in climate-
related initiatives.

= Education, Awareness, and Advocacy: UNESCO should promote the inclusion of ethical
climate action and climate engineering topics in educational programs. It's also important for
UNESCO to lead in raising public awareness about the ethical challenges and uncertainties
in climate actions. This includes highlighting the need for public participation and informed
decision-making in these areas.
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1.

Introduction: Goals of climate

action and climate engineering

The current speed at which the effects of global warming are increasingly being
manifested is giving new life to the discussion on the kinds of climate action that are
best suited to tackle the catastrophic consequences of climate change. The temperature
targets adopted as part of the Paris Agreement in 2015 gave new attention to a highly
controversial set of proposals of potential climate engineering actions. So-called climate
engineering measures seek to counteract global warming not by cutting greenhouse
emissions, but by intervening in the climate system directly, either by drawing carbon
dioxide (CO,) from the atmosphere (carbon dioxide removal, or CDRJ, or by allowing more
infrared radiation to escape into space or reflecting incoming sunlight back to space
(solar radiation modification, or SRM]'. While SRM approaches are presently the more
controversial of the two approaches, some experts have begun to suggest that these
measures, too, might become necessary to avoid dangerous climate tipping points or to
bring temperatures back down after an overshoot?.

In the light of the development of such climate-altering technologies, calls for a thorough
assessment of the ethical, social and cultural implications of climate engineering have
grown louder. With this report, the World Commission of UNESCO on the Ethics of
Scientific Knowledge and Technology (COMEST) responds to these demands. Building
on the set of reports on ethical principles for climate change already developed in 2010-
2015, this report focuses on developing a comprehensive perspective on the ethics of
climate action, specifically, climate engineering.

UNESCO has already considered issues related to climate change in some reports and
standard-setting instruments. Most notably, these include:

a. In 2010, the Intergovernmental Oceanographic Commission (IOC) of UNESCO
commissioned a report on ocean fertilization: Ocean Fertilization: A Scientific Summary
for Policy Makers by Doug Wallace et al. (UNESCO, 2010).

b. The set of reports of COMEST on ethical principles for climate change (UNESCO,
COMEST, 2010-2015).

c. In 2017, the Member States of UNESCO adopted a Declaration of Ethical Principles
in relation to Climate Change (UNESCO, 2017], which presents a list of criteria
that should guide decision-making in all areas of climate policy, including damage

1

Other commonly used terms are geoengineering (Royal Society, 2009), climate intervention (NRC, 2015a, 2015b) or
climate-intervention technologies (American Geophysical Union, 2022]. In this report, we use ‘climate engineering’ to
highlight our focus on measures that seek to deliberately alter the global climate system in order to counteract global
warming. We use the term as an umbrella to include both CDR and SRM approaches.

A temperature overshoot scenario refers to global mean temperature temporarily exceeding a specific target, such as
1.5°C.
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prevention, a precautionary approach, equity and justice, sustainable development,
solidarity, as well as recognizing the importance of scientific knowledge and integrity
in decision-making.

Relevant authoritative assessments and regulatory documents on climate engineering
include (among several others]:

a. The Royal Society (2009). Geoengineering the Climate: Science, Governance and
Uncertainty.

b. The de facto moratorium on climate engineering by the United Nations Convention on
Biological Diversity in 2010 (decision X/33 and IX/16 CJ.

c. The prohibition of ocean iron fertilization by the London Convention and Protocol in
2013 (resolution LP.4(8)).

d. United States National Academies of Sciences, Engineering and Medicine (NASEM]
(2015a). Climate Intervention: Carbon Dioxide Removal and Reliable Sequestration. The
National Academies Press.

e. United States National Academies of Sciences, Engineering and Medicine (NASEM]
(2015b). Climate Intervention: Reflecting Sunlight to Cool Earth. The National Academies
Press.

f. United States National Academies of Sciences, Engineering and Medicine (2021).
Reflecting Sunlight: Recommendations for Solar Geoengineering Research and Research
Governance.

g. The statement on the need to accelerate action on climate change, issued by the Royal
Society together with the world’s leading scientific academies in May 2021.

h. The report One Atmosphere: An Independent Expert Review on SRM Research and
Deployment by the United Nations Environment Programme (UNEP] in March 2023.

i. Thereport Reducing the Risks of Climate Overshoot presented by the Climate Overshoot
Commission in September 2023.

All these assessments and normative documents are evidence of the great concern
worldwide on the topic of climate action, and can be considered as a shared set of ideas
on the climate crisis and ways to deal with it. In this sense, these documents inform this
report’s task of providing a global ethical perspective on climate actions, with specific
reference to climate engineering.

Ethical evaluation of climate engineering techniques requires a consideration of each
technology in itself, including the level of scientific knowledge on which it is based, its
cultural assumptions, as well as the distribution of risk in terms of decision-making,
impact, and governance. Such evaluation takes place in the context of considering the
balance between a policy of not doing li.e. avoiding the most environmentally damaging
human activities) and doing (in line with the goal of alleviating the most severe effects of
ongoing climate change).
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7. The structure of the report is as follows: In the rest of this section we introduce four
lenses through which to consider the ethics of climate action (human-ecosystem
interconnectedness, intergenerational ethics and justice, proportionality, and distributive
justice); Section Il offers explanations of the idea of climate engineering, the evolution of
definitions of concepts used in international debate on climate engineering, and a list of
numerous and different technologies which are encompassed under the umbrella concept
of climate engineering; Section lll highlights the state-of-the-art of the ethical discussion
around climate engineering, and presents the recurring arguments in the debate about
climate engineering (such as the slippery slope argument, moral hazards, among others.J;
Section IV discusses the ethics of science and research in climate engineering, starting
from freedom of scientific research and the role of scientific knowledge to the responsible
research and innovation perspective; Section V is devoted to ethics and governance issues
in climate engineering, starting with reflections on justice, human rights and moral
responsibility or moral impediment, and moving to issues of governance and regulation
of climate engineering (including the participation of civil society). The report concludes
with a list of recommendations which offers suggestions about normative ethics in regard
to climate engineering.
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|.2. An ethical framework for
reflection on climate actions

10.

Any reflection on climate change and actions to address it can be seen as an inherently
ethical reflection, since reflecting on climate action implies reflecting on conflicting
interests not only between regions and countries, but also social groups. As such, any
reflection on climate engineering is both an ethical and a political one.

This situation implies that risk analysis should be a core driver of decisions on climate
action, and that a way to determine when one might consider an action to be ethically
justified on a spectrum of risk analysis of climate challenges needs to be found. The
following constraints on such analyses and realizing this aim should be taken into
account. Firstly, such analyses move along a dynamic and often unpredictable spectrum,
given the political complexity and scientific uncertainty of factors to be considered.
Consequently, there might be different, (partially] morally defensible, but incompatible
ethical approaches to navigate (Taebi et al.,, 2020), and thus, there are also normative
uncertainties related to risk decisions in climate strategy contexts. Secondly, if the climate
change situation becomes critical, we might need to consider implementing measures
which carry a greater risk than we might be comfortable with, and we might not be able to
agree on an option that is fully morally defensible.

Given this situation, normative guidelines which enable a clear justification of any option
decided on at any given time become imperative. In this sub-section therefore, we
highlight four lenses as a framework to inform reflection on when a climate action might
be deemed to be ethically justified. These lenses speak to the uncertainty and complexity
of motivations for climate action decision-making.

1.2.1. Beyond the anthropocentrism vs. ecocentrism
debate

11.

12.

Given the current and expected future harm to the environment, should all concerns
be focused on potential future harm to human welfare, or should ethical consideration
focus on the moral responsibility humans have towards the environment first, and to
humans second? Given the shared impact of climate change on humans, non-humans
and the environment, we argue for a view of human-ecosystem interconnectedness and
flourishing.

The separation of humans from nature inscribed in anthropocentricism is a particular
normative framework with ancient Western roots which could imply that climate actions
should benefit humans without considering the broader impact on the planet. This seems
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13.

14.

15.

16.

counterintuitive, as after all, it is the status of our planet that is causing this reflection on
climate action and “our very existence depends on a sustainable natural environment”
(Brennan & Norva, 2022). That said, it must be acknowledged that Western thinkers have
over time reflected in various ways on the problem of anthropocentrism (e.g. Kopnina
et al., 2018). This reflection has gone some way towards closing the big split between
anthropocentrism and ecocentrism, albeit not entirely (specifically in the political sense).

Ecocentrism - the view that values nature for its own sake - also has ancient roots,
mostly in the East and the Global South. This view implies valuing the interdependence
of humans and non-humans and their dependence on the flourishing of the environment
and ecosystems Some Eastern philosophies (e.g., Chinese Daoism, Buddhism) and
African philosophies [Ubuntu), might offer a way to overcome the dichotomy between
anthropocentricism and ecocentricism.

According to Daoism, the balance between humans, animals and the universe (dao) is core
to our well-being and ‘life-energy’. It is also in Daoism that we find the notion of wu-wej
(no action], which points to humans not disturbing natural processes and embracing the
view that nature is not a separate resource simply waiting for humans to exploit (Kuo,
2011) but rather part of the interconnected web of life.

According to Ubuntu, there is a close relationship between humans and the environment
and ecosystems. A person is a person through other persons, where ‘other persons’
can be reinterpreted as referring to other humans, non-humans, and nature. Thus, the
notion of community in Ubuntu also prescribes the interconnectedness of humans and
nature. When one considers ‘others’ also to include non-humans and nature, the notion
of ubuntu is extended to that of ukama which refers to relatedness as found in the cosmos
(Terblanché-Greeff, 2019).

Considering the ethics of climate action through approaches which view humans and
the environment as an interwoven unit can enrich and inform efforts to go beyond the
anthropocentric/ecocentrism debate on climate action in many ways, as such approaches
illustrate that humans, non-humans, and nature should not be separated; neither should
either one be exclusively in the service of the other. We argue that such an approach
based on human-ecosystem interconnectedness should be given proper consideration
as a guideline in serious discussions on the ethics of climate action, and should be one
of the lenses through which reflection on ethical concerns of climate action takes place.

1.2.2. Intergenerational ethics and justice

17.

Intergenerational ethics focusles on what - if anything - current generations owe (past
and) future generations. This domain of ethics originated in the context of climate science
for obvious reasons, given the bleak outlook for humanity in the context of climate change
if nothing is done, on the one hand, and on the other hand, the potential impact of various
climate change options, such as climate engineering, on a future world.
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19.

20.
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In the domain of intergenerational ethics, the general aim is to remain aware both of
the necessity and of the difficulties of determining the needs and interests of future
generations, while navigating the debate on whether future generations may be said to
have any rights at all (Gosseries, 2001).

Intergenerationalethicistsworktounderstandanddefineissuesaffectingintergenerational
justice by analysing and reflecting on the extent and nature of relations among different
generations. Two of the core questions they consider are:

a. Do we have a moral obligation to future generations at all? If so, what do we owe them?

b. How do we know what the values to be bequeathed to future generations and driving
intergenerational justice should be, given the power asymmetry between current
and future generations and the fact that there is no “direct reciprocity” between
contemporary and future generations (see, e.g., Meyer, 2021)?

We argue that climate change threats to human flourishing in general, and to social
stability and justice in particular, should be considered through an intergenerational ethics
and justice lens as this would contribute to establishing concrete measures to underpin
the ethics of climate engineering and guide decisions on climate action in general.

1.2.3. Proportionality

21.

22,

23.

Proportionality relates to only acting under certain conditions. The Practical Guide to
Humanitarian Law (Médecins Sans Frontiéres, n.d.] describes the principle of proportionality
as “a core principle in international law, which provides that the legality of an action shall
be determined depending on the respect of the balance between the objective and the
means and methods used as well as the consequences of the action”. Proportionality is
also a principle that plays a central role in UNESCO documents, for instance, the UNESCO
Recommendation on the Ethics of Artificial Intelligence (2021) highlights the importance
of taking context into consideration when using proportionality as a guideline.

This principle points to the importance of factoring cultural diversity, gender perspectives
and, specifically, geopolitical differences into ethical reflections on climate action.
Considering the ethics of climate action through the lens of proportionality acknowledges
that any attempt at a risk assessment framework should take into account “uncertainty
and scale” (Jones, 2003). This implies that reflecting on or addressing climate action
concerns, while best done in a probabilistic framework, should also always heed the
warning that it is not only scientific uncertainty that is at issue, but also normative
uncertainty (see next paragraph).

Some authors warn that “climate risks cannot be simply portrayed or calculated as a
function of probability and consequence, precisely because they are essentially ‘systemic
risks” that involve uncertainty and ambiguity” (Taebi et al., 2020). Importantly, the
uncertainty at issue is not only limited to the scientific and technical domains, but also

21
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24,

includes normative uncertainties. Therefore, as mentioned in Section I.1, it might turn
out that proposed climate change solutions might require deciding among different, but
incompatible and partially morally defensible options (Taebi et al., 2020).

Considering the ethics of climate action through a proportionality lens implies
acknowledging that decision-making is a complex and dynamic issue and that if the
climate change situation becomes critical, decisions might need to be made that are the
best at the time, given the nature and extent of scientific and normative uncertainty at that
time, rather than being either fully morally defensible or risk-free. This is precisely why an
ethical framework guiding climate engineering decisions is essential.

1.2.4. Distributive justice

25.

26.

217.

28.

29.

In its broadest sense, the concept of distributive justice refers to how individuals judge
what they receive. More specifically, distributive justice considers the fairness of the
distribution of resources and responsibilities, or benefits and burdens, across societies.
The three main elements in distributive justice debates are proportionality, fairness and
equality.

Distributive justice concerns are raised in the context of the ethics of climate action
because of the unequal global distribution of elements contributing to sustainability, such
as infrastructure, scientific expertise, economic resources and governmental capacity.

Two main concerns have been identified in this context. The Just Target Question, which
relates to “what balance to strike between ensuring that moral subjects are not harmed
by climatic changes and ensuring that the policies required to prevent harmful climatic
changes are not unduly onerous” (Caney, 2018). The second concern is the Just Burden
Question which invites us to reflect on “how the costs involved in combating dangerous
climate change should be distributed among duty-bearers” (Caney, 2018).

It is also useful in such reflections on distributive justice to consider the problem of the
tragedy of the commons according to which entities with access to a specific resource
maximize their own self-interest and as a result might deplete the resource, resulting in
potential harm for other entities. One principal issue in this context is to consider how to
allocate emissions rights, given the overshoot scenario (Meyer & Roser, 2006).

There is no one-size-fits-all ethical response to these concerns. We argue that at the
minimum, considering climate action through a distributive justice lens implies that there
should be recognition that concerns about social justice - including distributive justice -
in the climate change context should never be considered in isolation from one another,
but be considered as an interactive mutually impacting dynamic (Caney, 2018).
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I.1. Climate engineering and
climate action in context
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Anthropogenic climate change is one of the most pressing societal issues of our time. For
decades, scientists have been concerned with human impacts on the climate, warning
policy makers and the public of the potentially catastrophic impacts that growing levels
of atmospheric greenhouse gases might have on human societies and their natural
environment. The latest scientific consensus, as represented by the Intergovernmental
Panel on Climate Change (IPCCJ, is that human activities are the main driver of climate
change: "Human activities, principally through emissions of greenhouse gases, have
unequivocally caused global warming, with global surface temperature reaching 1.1°C
above 1850-1900 in 2011-2020" (IPCC, 2023]). The largest sources of anthropogenic
greenhouse gases are the burning of fossil fuels, land use and agricultural practices, as
well as industrial processes.

Experts have proposed different actions to address the various threats posed by
anthropogenic climate change. These climate actions can be classified according to their
mode of intervention regarding the problem at hand:

a. Mitigation refers to approaches that intervene in the human actions which cause
climate change, i.e., by drastically cutting anthropogenic greenhouse gas emissions
(mainly carbon dioxide and methane).

b. Adaptation refers to approaches that intervene in the adverse effects that climate
change has on human societies, e.g., by making built infrastructures more resilient to
rising sea levels, severe droughts, or heavy rains. Adaptation thus importantly differs
from mitigation as it seeks to adapt human societies to the effects of a changing
climate rather than attempting to halt climate change itself.

c. Climate engineering refers to approaches that aim to intervene deliberately in the
climate system in order to halt, slow down or reverse global warming. Two groups of
climate-altering technologies are generally distinguished in this context:

i Carbon dioxide removal [CDR] seeks to remove CO, from the atmosphere and
durably store it in geological terrestrial, or ocean reservoirs, or in products. In
some ways, CDR might be considered to redress the root cause of climate change.

ii.  Solar radiation modification (SRM]: through atmospheric interventions that either
reflect more sunlight back into space or allow more infrared radiation to escape
into space, these techniques could offset the effects of increased greenhouse gas
concentrations.
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In order to have a measurable impact on climate change, climate engineering needs to
be deployed on a large scale. A considerable amount of research is being undertaken on
climate engineering methods in several countries, and some technologies, particularly
CDR approaches, are already in development - and in pilot stages, although not at scale.

It is important to stress that, within the portfolio of climate actions, only mitigation
addresses the human causes of climate change. Drastically cutting greenhouse gas
emissions is therefore absolutely necessary to halt dangerous climate change—all other
approaches are additional or complementary, and do not serve as a replacement for
decarbonization.
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34.
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Climate engineering approaches have been included in high-level climate policy
frameworks since the 1960s, and this means since the very beginning of this policy field
(for some of the earliest references to climate engineering measures, see, e.g., PSAC,
1965;NRC, 1977; IPCC, 1995). Only since the early 2000s, however, has climate engineering
taken on a broader political significance. In particular, the Paris Agreement of 2015
brought these approaches widespread policy attention, when experts argued that in order
to halt dangerous global warming in time, it might be necessary to complement mitigation
efforts with climate engineering, and especially with CDR approaches. This argument is
premised on a significant gap between (a) what experts consider as a meaningful climate
policy goal, and (b] what experts assume to be the reductions in atmospheric greenhouse
gas concentrations needed to attain this goal.

The Paris Agreement states the goal of holding “the increase in the global average
temperature to well below 2°C above pre-industrial levels™. A Special Report on Global
Warming of 1.5 °C, published by the Intergovernmental Panel on Climate Change (IPCC])
in 2018, served to support this target scientifically, warning of the severe impacts to
be expected from warming even beyond 1.5 °C above pre-industrial levels. The report,
however, also suggests that this goal is not compatible with the national commitments
to emission reductions that the Parties have submitted under the Paris Agreement
(nationally determined contributions - NDCs). According to the experts, attaining this goal
would require reducing emissions by 45% by 2030 and reaching zero emissions by mid-
century (IPCC, 2018).

In order to produce pathways that would be compatible with the 2°C target, despite the
lack of existing emission-reduction commitments, experts introduced so-called “negative
emissions technologies” (NETs] into their models, i.e., capacities to draw carbon emissions
out of the atmosphere. This not only gave rise to the concept of "net-emissions” and
“net-zero emissions” as a new defining framing for long-term climate governance. It also
pushed CDR concepts, which had received little policy attention thus far, to the heart of
climate policy (see, e.g., Beck & Mahony, 2018]. As a result, the Paris Agreement turned
CDRinto a central means to complement emissions reductions in reaching climate policy
targets and compensate for greenhouse gas emissions that are at present hard to abate
("residual emissions”). A rich body of literature has drawn critical attention not only to
the speculative nature of claims to reach "negative emissions” at scale (the technologies
to deliver these negative emissions at scale do not exist yet], but also to the embedded
politics of global models that systematically prioritize negative emissions over short-
term emissions reductions owing to the economic assumptions upon which they are
based (Beck & Mahony, 2018; Carton, 2020; Van Beek et al.,, 2022; Lund et al., 2023).
This literature has emphasized the sensitivity to normative assumptions by integrated
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assessment models used to evaluate the technological and economic feasibility of climate
goals such as the Paris Agreement’s long-term temperature goal, especially their built-
in goal of long-term cost-optimization and choice of discount-rate, which remain largely
hidden in the communication of their outputs.

IPCC, in its Fifth Assessment Report, defined climate engineering as “a broad set of
methods and technologies that aim to deliberately alter the climate system in order
to alleviate the impacts of climate change” (IPCC, AR5]. Climate engineering was then
divided into CDR and SRM.

The Sixth Assessment Report of IPCC (AR6) has significantly modified this classification.
It states that “while solar radiation modification (SRM) and carbon dioxide removal (CDR)
were often referred to as ‘geoengineering’ in earlier IPCC reports and in the literature,
the Special Report on Global Warming of 1.5°C of IPCC (SR1.5) has started to explore SRM
and CDR more thoroughly and to highlight the differences between - but also within - both
approaches more clearly” (Patt et al., 2022). The ARé also proposes classifying CDR as
a form of mitigation rather than climate engineering. This change reflects the fact that
climate engineering is a fluid concept, the definition of which is subject to modifications
and debate. The literature has suggested that defining climate engineering is more than
a mere technical issue, but in fact implies a “de facto governance” of the respective
measures, delineating and highlighting important regulatory and governance dimensions
while hiding others (Boucher et al., 2014; Gupta & Méller, 2018]).

The recent redefinition by IPCC, which no longer considers CDR as a form of climate
engineering, is controversial, as it normalizes a technology that remains speculative at
large scale. Some worry that this effectively hides the various social, cultural, and ethical
concerns that would need to go into the assessment of CDR approaches as a viable form
of climate action. Questions concerning land use, in particular, remain unresolved.
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By now, a variety of approaches is discussed under the umbrella term of climate
engineering. In this section, we introduce some of the most important measures.

Carbon dioxide removal (CDR] methods include the following approaches:

a. Direct air capture (DAC)

b. Land-use management to enhance land carbon sinks, including for example
afforestation/reforestation and peatland restoration.

c. Sequestering CO, produced by biomass, which may also be used as an energy source.

d. Increasing the uptake of CO, by the ocean (for example by ‘fertilization” with naturally
scarce nutrients or by increasing upwelling processes).

e. Enhancing natural weathering processes which remove CO, from the atmosphere.

CDR approaches seem more viable, and in some cases acceptable, when they rely
mostly on mimicking and strengthening the natural processes like afforestation and
enriching the phytoplankton in oceans, which can act as major carbon sinks (Preston,
2013; Proelss & Steenkamp, 2023). For example, ocean fertilization involves stimulating
phytoplankton to enhance their capacity for carbon sequestration. Previously, engineered
nanoparticles, at concentrations non-toxic to aquatic life, have given rise to positive
outcomes (Babakhani et al., 2022]). Another approach, which is referred to as artificial
ocean upwelling/downwelling, includes the pumping of nutrient-rich deep ocean water
to the surface to promote phytoplankton growth, thereby enhancing CO, capture. The
efficacy and feasibility of direct CO, capture, storage and utilization is also considered
from the points of view of the atmosphere and industries releasing excessive CO, into the
environment (Proelss & Steenkamp, 2023).

Solar radiation modification [SRM] techniques include the following approaches:

a. Increasing the surface reflectivity of the planet (for example by painting structures
with reflective paints, or planting crops with high reflectivity).

b. Enhancing the reflectivity of marine clouds to reduce the amount of solar energy
reaching the surface.

c. Cirrus cloud thinning, which would work by removing infra-red-absorbing clouds from
the atmosphere, thus reducing trapped heat.

d. Injecting aerosols into the lower stratosphere to mimic the cooling effect of volcanic
eruptions.
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e. Reducing the solar radiation reaching the Earth by placing reflectors or shields in
space.

SRM methods are aimed at modifying the Earth’s radiation balance in an attempt to
‘compensate’ for the increased heating caused by higher greenhouse gas concentrations.
In contrast to most (if not all) of the CDR methods, some of the SRM methods could take
effect quickly — which could be an advantage when trying to prevent an imminent runaway
temperature rise.
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Il.4. Technical, ethical, and risk
dimensions

45.  Though SRM and CDR both may have the potential to halt and reverse global warming,
there are major differences in their intended modes of action, and in their ethical
implications, which will be discussed later in the report. These major differences include:

a. The time scales over which they might work.

b. The possibility of reversal.

c. The degree of sensitivity to which they might be ‘tuned’.

d. The spatial regimes of their potential effects (locally limited or globall.
e. Their possible effects on natural processes.

f. Possibly unknown consequences.

46.  For example, CDR methods such as direct air capture (DAC) and enhancing carbon sinks
by tree planting or peat restoration act very slowly. In contrast, some SRM techniques may
act quickly, and hence might be considered favourably in a situation in which the climate
has reached an existential crisis point.

47.  Ingeneral, CDR methods are in principle reversible, though the effects of reversing will be
seenonly over long timescales. However, a technique such as ocean fertilization is probably
difficult to reverse, a characteristic shared by some of the SRM methods proposed.

48.  Those methods that operate over longer time scales in principle have high sensitivity,
perhaps largely because they can be stopped in their tracks - although the inherently
long timescales mean that returning to a previous state will take time. Also related to
sensitivity, SRM techniques have a particular challenge in that (a) the fraction of incoming
solar radiation to be blocked is very small, and (b) our understanding of the delicate
balance between increased greenhouse gas concentrations and reduced solar radiation
is imperfect. It will be a real challenge to tune the method precisely enough to prevent
overshoot leading to excessive cooling.

49.  Other potential consequences that need to be considered in the case of some CDR
approaches include negative impacts on terrestrial biodiversity by, for example,
inappropriate tree planting, and the effects on marine biodiversity from ocean fertilization.
With respect to CO, sequestration, the buried CO, needs to be stored permanently over
hundreds of years - the consequences of a rapid release from underground reservoirs
would be serious®. Furthermore, many physical consequences of reducing incoming solar
radiation by stratospheric aerosol injection are not fully understood yet.

3 Two carbon storage projects have reportedly faced problems which could have caused CO2 to leak. See https://www.
30 heraldscotland.com/news/23703174.pioneering-co2-storage-projects-may-leaked/
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In addition, it will be important to consider not only the degree to which SRM and CDR
methods may act on natural systems (land, ocean, atmosphere], but also the extent of
uncertainty in our ability to predict the degree and effect of those perturbations. Ideally,
any disruption should be minimal, but whichever methods are used to remove CO, from
the atmosphere, we need to consider where that gas is removed to and how that ‘final
location — whether combined with other material or hidden in underground reservoirs -
may itself suffer potential negative consequences. The social feasibility and ecological
sustainability of using these techniques also need to be assessed seriously.

Moreover, there are potential environmental consequences of SRM techniques relating
to atmospheric circulation, the ozone layer, health-related impacts (on both humans and
the natural environment), rainfall and ocean currents which could have regionally variable
impacts which need careful research, and consideration of aspects such as equity,
accountability, intergenerational justice, and the protection of legal and human rights.

In general, in assessing the ethical implications of climate modification, whether CDR
or SRM, we need to take very seriously the uncertainties in assessing their impact and
the need for more research. It is a shared belief amongst many scientists that ‘natural
systems’ are more fine-tuned and complex than we may have previously thought - for
example, experience has demonstrated that even the best laid plans (e.g., pest control
by importing non-native predators) often backfire. And once we start to try to modify the
climate deliberately, that backfire could be catastrophic.
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53.
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As seen above, the Sixth Assessment Report of IPCC [AR6) highlighted the differences
between SRM and CDR, and proposed classifying CDR among mitigation actions, while
leaving SRM approaches in the more controversial area of climate engineering. Yet, some
scientists have suggested that SRM might also become necessary in order to attain climate
policy targets of 1.5 °C or 2 °C [e.g., Irvine et al., 2019]. Specifically, these scientists have
argued that SRM might become necessary in so-called “overshoot” or “peak-shaving”
scenarios.

These scenarios assume that global warming might temporarily exceed the temperature
targets of 1.5° or 2°C before eventually returning to this target based on the large-scale
deployment of CDR measures. In order to prevent dangerous warming levels, SRM is
deployed in these scenarios to “shave the peak” off this excess warming and compensate
for delayed mitigation. It thus serves to “buy time” in attaining the necessary emissions
reductions (Long, 2017; MacMartin et al., 2018).

Temporarily overshooting the climate targets of 1.5-2°C could increase the tipping risk
of several Earth system elements. Limited deployment of SRM could be considered to
limit climate change while ambitious programs of mitigation and CDR are scaled up.
There are scientific arguments based on available scientific knowledge that indicate
that SRM is the only known approach that could be used to cool the Earth within a few
years (United Nations Environment Programme, 2023). Figure 1 displays how the four
primary responses to climate change - emissions reduction, CDR, SRM, and adaptation
in comparison to no emission policies [i.e., few or no steps are taken to limit greenhouse
gas emissions) - could complementarily reduce impacts on humans and the environment.

Some experts have criticized such peak-shaving scenarios as a way of “escalating climate
debt” (Asayama & Hulme, 2019; Asayama et al., 2021). These authors are primarily
concerned that such scenarios work to mask, rather than erase excess warming and
therefore foster an increasing dependence on the effective future deployment of large-
scale CDR capacities, which do not exist at present.
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Figure 1. Potential complementary responses to climate change: greenhouse gas emissions reduction,
carbon dioxide removal, solar geoengineering, and adaptation in comparison to no emission policies. This
graph was originally called the “napkin diagram” in Long & Shepherd (2014) (Reproduced from Reynolds,
2022).
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lll.1. State-of-the-art of climate
engineering ethical discussions
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Ethical discussions of climate engineering are interdisciplinary, and so cannot be
restricted to climate science or even to traditional philosophical discussions within the
climate ethics literature (Pamplany et al., 2020). The fundamental reason for this is crucial
to understanding the central ethical issues of deploying climate engineering approaches:
they are not just purely normative discussions, but intrinsically political and economic,
which pose difficulties in evaluating qualitatively different risks and benefits. Both risks
and benefits of alternative actions as regards climate engineering need to be estimated,
which means that there are numerous uncertainties involved in their description, as well
as in the crucial comparative analysis.

One of the most prominent arguments for climate engineering is based on two combined
assessments. The first is to regard climate engineering as providing a promising potential
means for effectively dealing with our current climate crisis; the second is that current
international efforts to reduce the production of greenhouse gases are unlikely to attain
the Paris Agreement temperature targets (see Section II.1). Without feasible options
to tackle the climate crisis, it could be thought reasonable to explore/assess climate
engineering tools.

Another argument for exploring climate engineering options is to defend the moral
justifiability of doing "lesser evil. One might add a related assessment that as there would
be an opportunity cost for not adopting climate engineering, we should compare the
cost of the risks that climate engineering poses with the cost of not exploring climate
engineering. The result of this comparison is unsurprisingly not unanimous, and unlikely
to be resolved in the near future, as there are several factual uncertainties involved in
each moral judgement.

Similar disagreement about the likely moral consequences of climate engineering
concerns how we evaluate the moral status of the ‘technological fix". Suppose climate
engineering measures, at least some less risky approaches, are successfully implemented.
Some critics would readily point out that success itself produces morally undesirable
consequences to the effect that we do not need to take our ecological responsibility
seriously, as a much easier way to deal with the climate crisis is available (Reynolds,
2015). This relates to the moral hazard argument explained below. On the other hand,
one might argue that successful climate engineering would prompt greater awareness
among people to take a more rational attitude towards climate change (Resnik & Vallero,
2011). Again, there are uncertainties about which moral consequences are the most
likely to be obtained when relatively safe climate engineering is used. Apart from this
disagreement, another argument for climate engineering is that it may give us more time
to implement a more ethically acceptable way to deal with the climate crisis, even when
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climate engineering itself does not offer a morally acceptable ultimate solution (Neuber
& Ott, 2020).

There is no controversy concerning the fact that climate engineering involves risks. Still,
we need to distinguish different types and levels of risks within climate engineering. It
is generally accepted that SRM poses much more serious risks than other methods,
especially when compared with CDR. One of the prominent arguments against climate
engineering is that the risks are epistemologically too complex and large to be morally
acceptable. In order to be effective in tackling the current climate crisis, climate
engineering would need to be applied globally, but thus far only small-scale experiments
have been carried out in order to try to show its feasibility (Irvine et al., 2016). Apart from
the scale-up problem, there is a gap between science and engineering. Scientific results
obtained in a laboratory environment need to be translated into the real environment. This
can pose intrinsic difficulties in evaluating the ‘real’ effectiveness of proposed engineering
solutions. For instance, as discussed above, it is difficult to estimate unintended side
effects of their implementation (Keller et al., 2014).

One might argue that we need more scientific research and real-world testing of climate
engineering techniques in order to reduce these epistemic uncertainties and base our
policy decision on sounder evidence. However, it could still be regarded as an ethically
unacceptable position to even try out, say, a moderately scaled-up SRM if we have reason
to believe that the uncertainties are too great for us to anticipate its large-scale, long-term
unintended consequences. The moral argument for/against scientific and engineering
research is thus closely related to our evaluation of current climate knowledge (Gardiner,
2017).

Many critics of climate engineering have raised several justice issues, including
intergenerational, distributive, procedural, food and regional justice (Gupta, 2018; Preston,
2013; Svoboda, 2016; MclLaren, 2016; Dékany, 2018; Hourdequin, 2018). The unintended
(and in many cases unpredictable] unequal impact of SRM often lies at the heart of
these criticisms of justice considerations. Even when human beings as a whole would
benefit from the successful deployment of SRM, it would be practically impossible to
distribute risks and undesirable side effects equally across different regions of the world.
Furthermore, there would be an enormous procedural problem to tackle as we would
need to have ethical consensus over proper recognition of, and if necessary, compensation
for the unintended consequences of SRM. It would thus be more difficult to satisfy more
stringent justice principles with regard to climate engineering.

Evenifthe scientificand engineering feasibility of climate engineering, despite its epistemic
uncertainties, is admitted, we could still doubt its political feasibility on the grounds that
the governance challenge of climate engineering on a global scale is complex enough to be
comparable with current imperfect governance relating to the unfulfilled emissions target
(Ackerman, 2015; Blackstock & Low, 2019; ETC Group, 2010; Cox et al., 2018). Who should
have the moral authority to engage in global-scale climate engineering while respecting
national sovereignty and deliberative democratic processes? Although the challenge is
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not unique to climate engineering, the need for global, highly coordinated action within a
short time makes the governance challenge for climate engineering greater.

The difficulty of the governance challenge itself does not make climate engineering
unacceptable. Still, if one judges the difficulty of properly managing the justice issue
mentioned one might think that it would be ethical to look for equally efficient, but
politically more feasible options. Whether such options are available is controversial.
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lll.2.Key arguments in the debate
about climate engineering

l.2.1. The slippery slope argument

66. A concern about climate engineering research, especially about SRM, is that it could
create a ‘slippery slope’ - facilitating acceleration towards eventual deployment: research
is at the top of a slippery slope, at the bottom of which awaits the full-scale deployment of
potentially risky technologies. Some of the ways in which this acceleration scenario could
occur are (NASEM, 2021):

a. Research programmes could create political momentum towards deployment.

b. Research programmes could create sociotechnical communities of interest, motivating
further development of the technology.

c. Thosedeveloping the technology will seek an opportunity to monetize it, thus motivating
a push for deployment.

67.  Therearealso countervailing scenarios in which technologies are not deployed or in which
governance could effectively mitigate acceleration (NASEM, 2021):

a. Research could discourage deployment if it is found that it is very difficult to produce
a climate engineering technology that is an ‘easy’ alternative to greenhouse gases
mitigation.

b. It may attract less political support if it takes a long time to detect whether a climate
engineering intervention is working.

c. There is a reluctance to advocate for deployment in the face of uncertainties about
climate engineering risks.

d. The economic acceleration scenario [NASEM, 2021) is mitigated by substantial
economic forces pursuing more traditional climate mitigation measures.

68.  Climate research is extensively governed through existing regulatory requirements,
funding conditions, and peer review. However, climate engineering research requires
additional governance provisions because of its indirect, socio-politically mediated risks.
Research governance can enable, legitimize, and control research by enforcing principles
under which research plans should be disclosed and implemented, and whose results
should be openly published.

69.  Hubert (2021) discusses the options of the development of a flexible, near-term code of
conduct for climate engineering research. This can be particularly useful at the early
stages of governance, where problems and solutions are uncertain. The proposed Ethical
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Framework for Responsible Climate Intervention Research is built on the premise that the
process of developing climate engineering research governance must involve awareness,
discussion, and engagement of a variety of experts representing a full range of disciplines,
government and intergovernmental representatives, civil society, and the lay public.

l11.2.2. The moral hazard argument

70.

71.

72.

Moral hazard concerns relate to situations in which there is a lack of urgency to act in the
face of risk on the part of some persons who are not directly impacted by the risk at issue.
Although the two climate engineering strategies considered in this report are radically
different (see above under Section Il), they share the same ‘'moral hazard’ - that the use
of CDR and/or SRM and its resultant potential cooling effect could provide stakeholders
with an excuse to slow the pace of reducing carbon dioxide emissions or to continue using
fossil fuels at current or even accelerated rates (Lawrence & Crutzen, 2017).

There are concerns that aggressive research into climate engineering approaches would
reduce the impetus and support for existing climate change mitigation policies and
approaches. Such a moral hazard in climate engineering can prevail at different tiers:
for example, at a personal level, individual voluntary efforts aimed at mitigating climate
change could be reduced. Climate engineering can be perceived to lead to a ‘rebound” —
the pursuance of reckless approaches, irresponsible behaviours, and the continuation of
carbon-intensive lifestyles that could amplify the risks linked to the embrace of climate
engineering technologies (Corner & Pidgeon, 2014).

Social acceptability of funding climate engineering research may be related to how
moral hazard concerns are addressed. A novel approach argues for the importance of
moving beyond the moral hazard framework - shifting the focus away from evaluating the
potential risks and benefits of specific interventions such as CDR or SRM, and towards
more comprehensive assessment of the costs and benefits. This supports a more general
perspective on the available policy options where mitigation, adaptation, and technological
goals can be evaluated at the same time, thus minimizing concerns about moral hazard
effects (Jebari et al., 2021). Consequently, a research program on any of these climate
intervention strategies can be expected to have greater social acceptability if it is
embedded within a portfolio of climate policies and research that includes adaptation
strategies and a strong commitment to reduce carbon emissions.
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73.  The discussion of doing vs. not doing (see Section V.3.) should also consider the possibility
of “organized irresponsibility”. For Ulrich Beck, who developed this concept, responsibility
for the creation and resolution of environmental risks belongs to several institutions and
systems (governments, industries, experts, and legal systems, etc.), but, at the same
time, no institution seems to be specifically responsible. This paradoxical circumstance
arises because global environmental risks are full of uncertainties and synergistic effects
and have complex causal chains and long-term periods of latency. Therefore, assigning
responsibility and blame for harmful consequences is extremely difficult, if not impossible.

l11.2.3. Organized irresponsibility

74.  The systemic interdependence of all the institutions and systems involved begets a
general complicity, in which there are no single causes or responsibilities (Beck, 1992).
It is a “labyrinth” of "simultaneous liability and unaccountability” (Beck, 2002). The
organizations responsible for safeguarding the higher interests of the community, for its
security and protection, are confronted with the increasing difficulty of establishing proof,
attributions, and compensations.
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lll.3. Economic challenges
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Climate change is a typical example of a many hands problem because it is a phenomenon
that is very complex, in which a large number of individuals are causally involved, but in
which the role of individuals in isolation is rather small (Poel et al., 2011). Within this
broad spectrum, economic challenges are also at stake. The close association between
the problem of climate change and economic growth has driven new approaches such
as “green growth”, “green economy” or “green transition”, which tend to emphasize
the economic benefits of environmental protection and the possible synergies between
environmental protection and economic growth (Gunderson et al., 2018). Among the
threats posed by climate change, companies are particularly concerned about the
increase of regulations for fossil fuels and the cascading effects thereof on production
chains (Buck, 2012). Schemes designed for deliberate intervention to mitigate global
warming, like climate engineering, are pushed by corporations as a favoured response to
tackling global warming, representing a way to address the issue while fostering business
investments and economic growth (Gunderson et al., 2018).

The climate has already made its way into the domain of financial markets and stock
exchanges. For example, the system of international carbon trading, a market for
buying and selling carbon dioxide emission licenses; or the panoply of tools of climate
insurance, such as “weather derivatives”, “environmental mortgages”, or “catastrophe
bonds”. The ethical dilemma here is whether there ought to be markets for environmental
goods (Neuteleers, 2022). Positions often fall into two polarized arguments regarding the
commodification of nature (Neuteleers, 2022): one contends that environmental goods
should not be subject to market forces, deeming it unethical to trade nature (e.g. Sagoff,
2004; Sandel, 2013); another assumes that markets can serve as an important mechanism
for addressing environmental problems, especially when these problems result from
market failures (e.g. Stern, 2007).

Climate engineeringis animpactful large-scale approach that goes directly from computer
modelling to full-scale planet-wide implementation. While computer models have
displayed a remarkable predictive ability, they are not infallible and may underestimate
some risks and overstate others (e.g., Hegerl & Solomon, 2009). Risks are greater
because the efforts to launch climate engineering technologies also require international
cooperation and coordination among multiple countries with different economic interests.
The challenge might be to tailor climate engineering technologies to help the world’s most
vulnerable countries while, at the same time, taking care not to expose others to greater
risks of extreme weather events (Klein, 2014). Climate engineering will reshape the
geopolitical landscape of climate change, and this implies greater political engagement
(Blackstock, 2012).
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80.

81.

82.

Scientific research on climate engineering plays a particularly important and at the same
time highly complex role. The questions at stake are not just technical ones. As we have
seeninprevious sections of thisreport, climate engineering is deeply imbued with profound
ethical, social, and political considerations. This is primarily because the decisions in
this domain have the potential to affect societies and ecosystems around the globe,
encompassing everything from local habitats to worldwide weather patterns. In addition,
most of the proposed interventions are associated with various risks, uncertainties, and
unknowns, which makes it even more difficult to make informed decisions, especially in
the field of operational deployment.

When considering the ethics of climate engineering research, we therefore need to take into
account the many dimensions of the complex interplay between scientific knowledge, public
dialogue and decision-making. With this in mind, this section begins by providing a brief
categorization of the kinds of research that are currently discussed in the case of climate
engineering. Building on this categorization, the focus is on four dimensions shaping the
interaction between scientific knowledge and decision-making: the first concerns the value
of the freedom of scientific research and its implications for the case of climate engineering
(IV.1), the second concerns the values of responsibility and inclusiveness in the case of
climate engineering research (IV.2], the third reflects on the role of public institutions in
ensuring the broader social interest and preserving fundamental moral values (IV.3); the
fourth addresses the crucial role of media and public communication in the context of
climate engineering research (IV.4]. In the fifth and final part of this section, the importance
of climate data collection is highlighted by turning to a practical example, namely integrated
sensing and communication (ISAC) technology (IV.5).

To properly address the various dimensions defining the ethics of climate engineering
research, we first need to consider the very heterogeneous and fragmented research
landscape of climate engineering. Research on carbon removal technologies, on the one
hand, has been around for a long time, not only in the context of so-called integrated
assessment models, but also in the form of early outdoor experimentation exploring, for
example, ocean fertilization approaches. Particularly in the past decade, research in this
field has vastly proliferated and now includes ‘theoretical’ modelling studies and social
scientific research which addresses the potential opportunities and risks of relying on
carbon removal technologies (see Carton et al. 2020 for an overview), as well as several
pilot-stage projects. This development has been driven, as we have seen in previous
sections of this report, by the incorporation of CDR into the modelled emissions pathways
by various nation states, as well as in the scenarios assessed by the IPCC reports.

With regard to SRM research, the distinction between indoor and outdoor research
remains crucial: there are indoor SRM research investigations, small-scale outdoor
SRM experiments, and potential large-scale SRM deployments. Indoor SRM research
investigations involve theoretical analysis, social science research, computer simulations
and laboratory experimentation. Small-scale outdoor experimentation refers to the
emission of limited quantities of material over a short period of time to examine critical
and poorly understood SRM-related processes in the real atmosphere with negligible
climatic impact. Large-scale SRM deployments would likely be of planetary scale, and
would need to continue to be implemented for decades or more to be effective.
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IV.1. Freedom of scientific research
in climate engineering

83.  One important aspect to consider when reflecting on the ethics of climate engineering
research is the freedom of scientific research, which is one of the human rights explicitly
recognized by the Universal Declaration of Human Rights since 1948 (Art. 27) and later
reaffirmed and specified in the International Covenant on Economic, Social and Cultural
Rights (1966, Art. 15). These documents are at the basis of the international tradition
that considers scientific knowledge a value per se and freedom of scientific research
a fundamental principle and guide for action. In the field of climate action and climate
engineering, this means that all options and proposals should be based on scientific
evidence and data (see V.5 Climate Data Collection).

84.  Some documents in the field of climate action and climate engineering have foregrounded
the freedom of scientific research and the value of scientific research. In May 2021,
the Royal Society, together with the world's leading scientific academies, for example,
issued a statement on the need to accelerate action on climate change. The statement
recommended that “every government should develop an evidence-based roadmap
setting out the technologies that it requires to achieve the goal of reducing greenhouse
gas [GHG) emissions to net zero, given its own circumstances. We encourage all countries
to deploy technologies and nature-based solutions which are available now, and to invest
in research and innovation to address the outstanding challenges” (2021a). This statement
by the Royal Society highlights the need to develop a better scientific understanding of the
climate, with a particular emphasis on the need for better modelling technology.

85.  The main goal of any research program on climate engineering should be to better
identify and reduce the scientific and societal uncertainties over the efficacy, benefits
and risks of the different technologies relating to global warming in the absence of
climate engineering. As a matter of fact, scientific knowledge regarding CDR and SRM
Is fragmented, with substantial gaps and uncertainties in many areas. It is necessary
to build research capacity to increase the community of experts and to integrate that
community into the policy-making process.

86. Science can contribute to the reduction of uncertainties, although there are limits to the
level of reduction that can be expected, as particular uncertainties can be expanded or
new uncertainties can appear as indirect effects, socioeconomic and political/institutional
responses over multi-decadal timescales, and attribution for climate- and weather-
related extremes (NASEM, 2021).

87. A significant source of uncertainty is that climate engineering deployment would not
occur inisolation, so its benefits and risks would depend on a variety of other factors: the
goals of the deployment, the background emissions pathway and adaptation plans being
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88.

89.

followed, the sustainable development goals pursued, and the established governance
framework.

A key consideration to help inform future decision-makers deciding whether to pursue
climate engineering techniques to counter global warming should be a comparison
between the extent of climate risk that the technologies are able to reduce and the
severity of any countervailing risks that they may engender. Risks of climate engineering
deployment may arise from both interactions with the climate, and their potential to
exacerbate existing risks and/or introduce new biclogical and societal risks (Felgenhauer
et al. 2022).

In addition, the inter-dependence of scientific expertise and political decision-making
needs to be taken into account when reflecting on the ethics of climate engineering
research. A rich body of scholarship from the field of science studies has demonstrated
that scientific expertise does not linearly translate into policy advice. Instead, decision-
makers usually find themselves in a situation where there is evidence and counterevidence
for a range of different and even conflicting policy proposals. Different kinds of scientific
expertise serve to articulate different kinds of policy proposals; different forms of evidence
highlight different sets of concerns or challenges. Particularly in the case of contested
issues such as climate action, scientific expertise might even tend to fuel controversy
rather than reduce it (see Sarewitz, 2004). This is not necessarily a problem, but it needs
to be taken into account in order to foster productive engagement with, and governance
of climate engineering research. The field of responsible research and innovation (RRI),
which we will turn to in the next section (IV.2), seeks to do precisely this.
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IV.2. Responsible research and
innovation in climate engineering
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92.

93.

The concept of responsible research and innovation (RRI} draws on the combined
recognition of (a) the powerful role that science and innovation play in shaping contemporary
societies, and [b) the complex ethical challenges involved in emerging fields of research,
such as climate engineering, synthetic biology, or genetically modified organisms (Owen
et al., 2012, 751-752). RRI has gained significant policy relevance in the context of the
European Commission’s Horizon 2020 programme. The concept has been mobilized to
foster a different understanding of the role of science in society. Specifically, the goal has
been to “herald [...] a transformation from science in society to ‘science for society, with
society’ (Laroche, 2011, quoted in Owen et al.,, 2012, 753, emphasis added). RRI, in this
sense strives, towards providing a science and innovation framework which represents
and caters to shared societal values.

This means that RRl is, first of all, “concerned with the purpose of science and innovation”
(Owen et al., 2012, 754, emphasis added). It seeks to go beyond managing unintended
risks and instead focus on the positive contribution of science and innovation - “what
we want it to do” (Owen et al., 2012, 754). Secondly, and building on this, RRI seeks to
advance “mechanisms of reflection, anticipation, and inclusive deliberation” in the
context of research and innovation (Owen et al., 2012, 755). It seeks to involve different
groups of societal stakeholders more actively and effectively in the processes of research,
innovation, and development in order to ensure that science and innovation does indeed
respond to concrete societal concerns. Thirdly, and finally, RRI draws on a collective notion
of responsibility which extends not only to scientists, but also to science policy and funding
agencies.

As suggested earlier, the case of climate engineering research has been formative for
RRI literature. This literature has drawn attention in particular to two challenges which
climate engineering research and governance are facing.

The first issue concerns the focus on technical aspects in climate engineering
assessments (Low & Buck, 2020, Owen, 2014, Morrow, 2017, Gupta & Moller, 2018, Foley
et al., 2018). RRI authors have voiced the criticism that many assessments of climate
engineering tend to foreground natural scientific and technical questions and concerns
surrounding climate engineering. As a result, these assessments highlight metrics of
physical risk and technical feasibility, rather than exploring ethical and societal concerns.
In an effort to respond to these concerns, some climate engineering assessments have
begun explicitly to incorporate RRI elements into their assessment procedure [see, e.g.,
Long et al., 2012; Chhetri et al., 2018). Rather than treating ethical and societal concerns
as separate or secondary to concerns of physical risk, these reports have sought to place
greater emphasis on “anticipatory governance” approaches. Such anticipatory governance
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approaches seek to involve different stakeholders early on in the innovation process in a
bid to anticipate relevant societal questions.

94.  In order to advance such attempts at anticipatory governance in the field of climate
engineering, RRI scholars have come up with principles which might guide climate
engineering research and development. The most prominent set of principles in this
context is the so-called Oxford Principles (Rayner et al., 2013)%.

95.  The strong emphasis on stakeholder engagement points to a second challenge that RRI
scholars have emphasized with respect to climate engineering. This second challenge
concerns the question of how to properly engage the public in this debate and who this
‘public’ is precisely. A ‘first wave’ of engagement efforts constructed the issue of climate
engineering rather narrowly and left little room for open-ended deliberation and true
engagement with the objections, questions and hopes that the engaged public brought to
the table (Flegal et al., 2019]. Instead of providing a platform for symmetrical exchange,
these first rounds of engagement were set up asymmetrically, as a kind of training exercise
in which experts informed the lay public on an emerging technology.

96. A second round of engagement efforts sought to change this. Bellamy and Lezaun (2017),
for example, highlight the relevance of contextualizing the prospect of climate engineering
in the broader context of climate action in order to achieve a productive and symmetrical
exchange. Rather than isolating climate engineering measures as a dire measure of last
resort against urgent climate change, the authors suggest engagement efforts are more
productive when placing the proposed measures in the larger context of other measures
of mitigation and adaptation. Such a contextualized setting of the debate allows the public
to ask broader questions regarding the kind of response measure that climate engineering
would be, and to voice their hopes and fears more freely. The challenge that these efforts
illustrate is an inherent tension between informing and forming the public for climate
engineering (Low & Buck, 2020): In the context of highly technical debates, engagement
always includes an “informing” dimension, in which the public learns information about
novel technological concepts. At the same time, however, engagement needs to leave room
for the involved participants to make up their own minds and articulate their individual
concerns, which is particularly difficult to ensure when the debate is highly controversial.

4 These principles were developed by a group of scholars in 2009 and endorsed by the United Kingdom government in one
of the very first official national-level policy statements on climate engineering. It also informed the following Asilomar
Conference on Climate Intervention Technologies in 2010.
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IV.3. The role of public institutions
in climate engineering research

97.  One of the central challenges facing the debate over climate engineering research is
that ethical debates on emerging technologies rarely lead to global governance actions.
The three main reasons are: (1) Science, by nature, is highly distributed. Much of it is
done in research labs, spread around the globe, under various local regulation schemes.
The effectiveness of global governance actions is therefore usually limited. (2) In many
cases, by the time ethical concerns are raised, it is too late to control the research or
its deployment. Traditionally, basic research is done with no limitations, and its results
are published. While the use of the results can possibly be regulated, in general, once
the results are published, it is too late to control their use. (3) Global governance actions
require appropriate tools and multinational agreements. Because of different national
cultures and interests, such agreements can rarely be achieved. As such, there are very
few examples where ethical considerations were globally discussed and agreed upon to
provide guidance for scientific research.

98.  One such example is the prohibition of human reproductive cloning. Reproductive cloning
of a human being is widely viewed as a violation of human dignity, and the Universal
Declaration on the Human Genome and Human Rights, adopted by UNESCO in 1997
(UNESCO, 1997), stands as a significant milestone, explicitly mentioning the prohibition
of such practices. It is worth noting that this declaration was adopted in the same year,
shortly after the birth of Dolly the Sheep, the world's first cloned mammal, was announced.
The unexpected speed of cloning technology development and the widespread awareness
of our unpreparedness for the potentially disastrous consequences of the technology were
arguably behind this prompt response.

99. A further example where international agreement has been reached on restricting the
deployment of new technologies are the conventions on the use of biological (Biological
Weapons Convention, United Nations, 1972) and chemical (Chemical Weapons Convention,
United Nations, 1993) weapons, agreements which were driven in significant part by
ethical arguments from concerned scientists. Again, it was crucial for the emergence of
this global governance that the scale of the potential disasters and human suffering from
biological and chemical weapons was enormous, and that despite its urgency there were
no globally effective countermeasures.

100. The ethical debate on climate engineering has raised the question of whether global
governance actions are also called for. Because of the large scale of this technology, and
its dependency on significant funding by public institutions or large private companies,
meaningful regulation is necessary. UNESCO is the natural leader of a debate on the need
for global governance of climate engineering, and its implementation.
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IV.4. The role of the media and
public communication in climate
engineering research

101.

102.

103.

104.

105.

A fourth facet to consider when addressing the ethics of climate engineering research is
the powerful role that the media play in shaping attitudes towards emerging technologies.
The media provide a lens through which most of the general public understand and form
opinions on such emerging technologies. The narratives and views disseminated by
the media can have a significant impact on the tone, direction and depth of the public
conversation about the challenges and opportunities presented by climate engineering.

The media represent a crucial bridge which connects the world of scientific research
with the everyday experiences of the general public. When the media perform their
role effectively, they not only educate but also inspire, catering to a key tenet of RRI
(see Section IV.2). They have the ability to translate abstract scientific concepts into
real-world implications, allowing the public not only to appreciate but also to actively
engage with the significance of scientific research and innovation. However, the very
platforms that can amplify the achievements of science can also propagate inaccuracies
or misrepresentations. Such distortions can obscure information, making it harder for
the public to distinguish fact from fiction or to appreciate the nuances and complexities
inherent in scientific exploration.

The dynamics of the digital age, where engagement metrics such as views and clicks
dominate, can sometimes skew the media’s approach. Controversial or provocative
topics naturally draw more attention, potentially tempting outlets to be inclined towards
sensationalist reporting or to magnify internal debates and disagreements within the
scientific community.

Information — or in some cases, misinformation — can proliferate at lightning speed
across digital platforms. This rapid dissemination, when coupled with algorithmically
driven content curation, can result in the formation of echo chambers. These are digital
bubbles where individuals are repeatedly exposed to content that merely echoes and
amplifies their pre-existing beliefs and views, potentially excluding diverse perspectives
and a broader understanding of issues. Such environments underscore the imperative for
heightened media literacy in order to ensure a well-informed and discerning public.

The task of science communication goes beyond simply disseminating data or stating
facts. Its true mission is to capture the prevailing state of knowledge, reflecting all
its complexities, challenges, and unresolved issues as experienced by the scientific
community at any given time, and engage the public in the process of research and
innovation. The defining characteristic of science is that it evolves. It thrives on constant
exploration, discovery and falsification. Therefore, effective science communication
does not merely communicate the results of research, but sheds light on the process of
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scientific research. In doing so, it fosters a more nuanced appreciation of science among
the public, setting realistic expectations and promoting informed discussions.

The world of scientific research is often one of probability rather than certainty. This
characteristic requires caution in science communication, emphasizing the importance
of acknowledging these uncertainties. It is crucial to understand and communicate to
the public that the presence of uncertainty doesn’t detract from the merit of a scientific
discovery; instead, it provides a contextual lens through which the finding needs to be
viewed. While scientists are trained to work within the boundaries of probability and
uncertainty, politics and the general public often seek clear answers and reassurances.
This difference in views requires a thoughtful approach to communication, ensuring
that technological advances are presented with both the potential benefits and the
challenges they bring, promoting a balanced understanding and informed debate among
all stakeholders.

For most people, the concept of risk is strongly intertwined with personal feelings and
intuitive reactions. Contemplating interventions in our planet's complex climate system,
even when motivated by the noblest of motives, can be deeply worrying. Such feelings
of apprehension are frequently amplified by certain sensationalist media presentations.
Instead of offering a comprehensive understanding, these portrayals often zoom in on the
most catastrophic possibilities, neglecting to provide context about the range of potential
outcomes and the probabilities associated with them.

In contrast, within the scientific community, risk assessment is a meticulous and
structured evaluation. It entails a comprehensive review of all available data, where the
potential upsides of a course of action are set against its possible drawbacks.

For a significant part of the world's population, the idea of humans taking on an almost
divine role by manipulating the climate inspires a deep sense of anxiety and fear. Such
sentiments, while rooted in genuine concern, arise from the understanding that the ripple
effects of any unintended consequences could reverberate on a worldwide scale, affecting
ecosystems, economies, and communities alike. Regrettably, the mainstream narrative,
often influenced by attention-grabbing headlines, leans heavily towards this sense of
impending doom, frequently sidelining any discussion of the potential advantages or the
strides made in technology and methodology that serve to mitigate these risks.

An informed public participating in an open debate can act as an additional safeguard
against potential bias that the internal scientific system may fail to identify and remove.
By questioning methodologies, data sources and explanations, public debates can reveal
conflicts of interest or biases that would otherwise remain hidden and unrecognized, even
within the scientific community. This underlines the importance of ensuring that scientific
findings are not only accessible, but also comprehensible to the general public.

The relationship between the scientific community and the public is therefore symbiotic.
Scientists have a responsibility to produce and communicate impartial, accurate and
reliable information, and the public has a responsibility to hold them to account. In the
field of climate engineering, maintaining an open dialogue, fostering mutual respect and
continuously seeking the truth are essential to securing our planet’s future.
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IV.5. Climate data collection

112.

113.

114.

115.

In the final part of this section, this report turns to a technical aspect, namely the
importance of data collection in the context of climate action in general and climate
engineering in particular. From the ethical point of view, the ability to collect climate data
with high tempo-spatial resolution, even in real time, almost everywhere on earth, can be
beneficial for: (1) fair distribution of resources and ensuring that improving climate in one
region does not affect climate negatively in another region; (2) early warning of climate-
related disasters; and (3] close monitoring of the desired or undesired effects of certain
climate engineering technologies. Moreover, integrated sensing and communication
(ISAC] technology can do that in a sustainable way since it is built on efficient use of
resources.

Existing technologies for collecting climate data are based either on remote
sensing (satellites and weather radar] or, sometimes, on very sparse localized
measurements (weather stations). To be able to make informed decisions regarding
various climate engineering technologies, accurate, high-resolution data collection
- especially regarding the effect of climate on humans, i.e., near ground - is required.

As human made electromagnetic waves, mostly used for wireless communication, travel
almost everywhere in the atmosphere, it has recently been proposed to use them for
extracting climate data, using the emerging ISAC technology (Cui et al., 2021). ISAC
has gained significant attention in both academic and industrial research. It has been
applied to various applications, including vehicular networks, indoor positioning, covert
communications, and more. ISAC is also recognized as an emerging technology for
future wireless standards like 5.5G, and next-generation WLAN. In particular, the 6th
generation of mobile communication (6G), it is envisaged that the function of sensing and
communication will coexist and be fully integrated in a single system, sharing the same
resources in time, frequency and space (Tan et al., 2021).

With ISAC technology, large-scale wireless networks (such as cellular networks] can assist
in collecting climate data. Rainfall measurement, pollution monitoring, fog, snow, and
sleet detection are potential applications that can be enabled by analysing the changes of
the wireless propagation owing to atmospheric phenomena. As such, a cellular network
with a sensing function serves as a built-in real-time monitoring facility, and can therefore
be utilized as a widely distributed large-scale atmospheric observation network. Moreover,
with the continuous exploitation of higher frequency, future urban cellular networks could
also monitor locusts or other insects, serving as an insect observation network in urban
areas (Wang et al,, 2022). This is particularly relevant, considering that 5G networks
support one million devices, which is envisaged to be further improved 10 times [to 10
million) per square kilometre in 6G networks (Jiang et al., 2021). It is expected that by 2030
there will be 5 billion 5G connections globally (GSMA, 2023), this gives us an idea of how
many “environment sensors” we could have in the future.
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116. Itisimportant to point out that ISAC technology could complement other tools for sensing
the environment, such as the Internet of Things (loT). As indicated in the COMEST report
entitled The Ethical Implications of the Internet of Things, loT may have adopted different
names, but it has always entailed “a world made up of a trillion connected and intelligent
things, and the oceans of data they produce” resulting in computational power being
infused into things not traditionally considered computers, which would be able to listen,
see or feel, hence creating an environment where the physical and the virtual domains
come together (COMEST, 2021).
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V.1. Justice and human rights

56

117.

A major concern that is raised by the climate engineering approaches is whether, in
the light of the many scientific uncertainties and social issues involved, the intentional
manipulation of the global climate should be allowed. This debate is not confined to any
particular discipline, but rather requires a multisectoral discussion grounded in ethical,

philosophical, political and scientific discourse, as discussed above [Pamplany et al.,
2020).
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V.2. Moral responsibility or moral
impediment

118. One of the fundamental ethical dilemmas regarding climate engineering involves
reconciling the concepts of moral responsibility versus moral impediments. Since the
human species is primarily responsible for climate change, it is our responsibility to carry
out all necessary climate actions, primarily mitigation and adaptation, but not excluding
the possibility of climate engineering techniques. Climate engineering approaches should
be considered, but taking into account the risk of irreversible damage to the planet that
would be beyond our ability to repair.

119.  The benefits and burdens ascribed to societies depend on the specific economic, political,
and social framework of each society. However, these frameworks cannot be assumed to
be stable, which means that the ascription of benefits and burdens cannot be guaranteed
to be stable (Lamont & Favor, 2017).

120.  Among climate engineering approaches, SRM, for example, has according to simulations
the potential to bring benefits for some and risks for others, thus leading to both winners
and losers. The unequal distribution of risks associated with climate engineering may
raise moral issues that need to be addressed.

121. It is also clear from the discussion in Section 1.2.3 that the way in which burdens and
benefits are distributed in a particular society would directly impact the ‘readiness status’
of a society in terms of being able to effectively participate, navigate, or govern climate
engineering technologies. The very fact that the frameworks that generate the distribution
of benefits and burdens in a society are not static brings an additional layer of uncertainty
to ethical evaluations of climate engineering technologies, as it renders determining
who bears the cost of climate engineering even more complex (see the discussion on
proportionality and risk assessment in Section 1.2.3.).

V.2.1. Equity

122.  Another concern is that climate engineering tools can also create greater polarization
between the world's advantaged and less advantaged inhabitants (Roeser et al., 2020).
Though SRM may potentially benefit some populations, on the other hand, it may also
magnify the environmental risk to poorer countries and vulnerable people (Gardiner, 2011).
Aerosol injections could lead to food insecurity, which would burden already negatively
affected poorer and underprivileged regions [Preston, 2013). Moreover, climate engineering
tools could be weaponized for territorial and political purposes. Historically, weather
modification technologies like cloud seeding have been deployed for military purposes.
Hence, the possibility of the potential for military or geopolitical use of climate engineering
calls for strengthening global efforts for its governance [Nightingale & Cairns, 2014).
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V.3. Issues of governance and
regulation of climate engineering
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The window for limiting warming to 1.5°C above pre-industrial levels is narrowing rapidly.
Policies currently in place point to a 2.8°C temperature rise by the end of the century.
Implementation of the current pledges will only reduce this to a 2.4-2.6°C temperature rise
by the end of the century, for conditional and unconditional pledges respectively [UNEP,
2022). A recent report of the Climate Overshoot Commission (2023), which understands
“climate overshoot” as crossing the 1.5 °C global warming threshold, stresses that CDR
techniques should be developed and deployed to help achieve net-zero - and, ultimately,
net-negative - emissions and highlights the need for an expansion of research in SRM
pursuing international governance dialogues.

Action on climate change suffers from a gap between the global approach that action
and policy would require and the current predominantly nation-State-based international
legal order: there are problems with agreeing on which measures to take, problems with
distributing burdens and benefits, and more.

International law has thus far been highly ineffective in climate change mitigation. The
main reason is that international law is based on a consensus model. This means that it
must be in the interest of each party [i.e., nation-State] to sign the agreement, otherwise
there is no agreement [(nothing is agreed until everything is agreed). Reaching such
agreement is not easy in a field where the consequences may vary in both space and time.
For example, the effects of an intervention do not necessarily occur in the same territory
of the State taking initiative and bearing the costs, or even at the same time the initiative
was taken.

In terms of official processes and legal instruments at the international level, some
11 principal multilateral agreements have been identified as potentially relevant for
governance of large-scale CDR or SRM, including UNFCCC and its Paris Agreement, the
Convention on Biological Diversity [CBD) and the London Convention and London Protocol
on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter 1972 (LC/
LP) (Talberg, 2017]). However, existing international laws are clearly not sufficient to deal
with risks, uncertainties, and the ethics of climate engineering.

In fact, climate engineering technologies which are in the early stages of research involve
substantial uncertainties and risks, and this raises ethical and governance dilemmas. The
world is not yet ready to draw conclusions on SRM: whether it should or should not be
researched or ever be used, and what international processes may be needed or able to
reach such conclusions (Pasztor, 2022).

One of the reasons that makes climate engineering controversial is the shift from
impact mitigation measures, essentially based on the idea of not doing something li.e.,
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avoiding those human activities that are most damaging to the environment, such as
greenhouse gas emissions), to the idea of doing something that can alleviate the most
severe effects of climate change. At first sight, doing something might be perceived as
a heavier responsibility for whoever makes that decision (who should take responsibility
for the failure of climate engineering measures or unforeseen negative side effects?), but
according to the legal doctrine, there are circumstances in which not doing something can
be equivalent to doing something. This is the case when a person or even a State has a
legal duty to intervene, a duty to prevent an event, or a duty of care. In the climate action
debate, this could be the case for adaptation measures, which although conceptually
have no effect on the causes of climate change, can nevertheless reduce the impact on
populations exposed to floods, droughts, or other catastrophic events.

In this light, the problem can be formulated as follows: do States, under international law,
have the obligation to avoid the worsening of the global situation? For example, can a duty
for States arise from human rights in relation to climate? The Paris Climate Agreement is
not a good example. It is not legally binding, and the reaction to violation of the pledges of
the States is highly ineffective, as the vast majority of countries are currently not meeting
their promises. A deeper exploration of international law reveals a reality which might be
described in a different way (Lamont & Favor, 2017).

Although it can be argued in logical and even legal terms that not doing something can
be (under certain circumstances] equal to doing something, the problem of climate
engineering has special aspects which can narrow the differences between the two types
of “action”. First, mitigating does not mean simply not doing, because it requires several
very important things to be done (such as the reconversion of important economic and
social activities, with all the associated costs); second, if the criterion is to do something
that can avoid something dangerous, it becomes necessary to make distinctions in the
field of climate engineering, to distinguish between the different techniques, and to assess
the risks and benefits of each (see above, paragraph 23, Taebi et al., 2020).

Such an analysis will have implications for both CDR and SRM. CDR resembles emissions
abatement, inwhich individual actors choose whether to take immediate and costly actions
whose climatic benefits would be widely dispersed and delayed in time. In contrast, some
SRM methods presently appear to be relatively inexpensive and rapidly acting, such that,
even though their expected beneficial effects would still be widely dispersed, the benefits
that would immediately accrue could outweigh their direct financial costs (Smith, 2020).
These distinct problem structures mean that the implications of existing international law
and the probable development of new law will vary, mainly between emissions abatement
and CDR in one column and SRM in the other.

Although there are currently no international instruments which are legally binding, in
force, and specific to climate engineering, numerous components of international law are
relevant and have implications of varying clarity for climate engineering. Furthermore,
some international legal instruments are specific to climate engineering, but are non-
binding or are not yet in force (Gerrard & Hester, 2018).
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133.

134.

135.

136.

137.

In general terms, two types of risk are related to climate engineering governance and
international law. Onthe one hand, the gap between the global approach that climate action
would naturally require and the current international legal order, which is predominantly
nation-State based, and the lack of an efficient multilateral agreement could lead some
individual governments to unilaterally launch some climate protection actions, and SRM
interventions in particular, with a high risk of international disputes (Patrick, 2022]. On the
other hand, the relatively low cost of SRM (see paragraph 130) makes it available to private
entities, such as commercial enterprises, non-State actors, and others (e.qg., contractors)
without international coordination and consensus (Lockley et al., 2022).

The fact that some private companies are indeed moving towards deployment of SRM
raises significant scientific, ethical and even legal problems. In April 2022, a start-up
company launched balloons into the stratosphere to release sulphur dioxide to make the
atmosphere more reflective without having a full understanding of the implications.® The
aim of this experiment was to attract attention in order to sell ‘cooling credits’ for profit
for future balloon flights. The balloons did not contain any instruments to collect data
or to evaluate the effects of the experiment. It was done outside of any legal framework,
without consulting local authorities, and with no scientific oversight.

The problem of non-State actors is multifaceted and is not just a source of additional
risks. The IPCC reports have emphasized that climate change governance includes more
than just State activity®. Rather it requires a multilevel, polycentric approach from the
international to the national level down to cities and communities, using creative methods
and participatory processes. This is true in general for all climate actions, and is essential
for climate engineering, where risks and challenges are even stronger than for other
climate actions - in the sense that it does not only represent a risk, but may also, if
appropriately governed, represent an opportunity (Bourzac, 2023).

Global agreements on mitigation, adaptation, and climate engineering measures are
not easy to conclude or, when signed, to comply with, often for lack of an adequate
system of sanctions (as is the case for the Paris Agreement). This should not lead one to
underestimate the utility of regionally based agreements among countries belonging to a
geographic area and sharing environmental resources or problems (for example where a
country upstream on a major river decides to divert it, with serious effects on downstream
countries). This applies to mitigation and adaptation measures, as well as to climate
engineering techniques, where it is particularly important to assess the unequal spatial
distribution of effects (see above, paragraph 63).

In this perspective, civil society can also play an important role in pressuring governments
and institutions to meet their international obligations. Recent data are significant:
“Climate change litigation continues to grow in importance as a way of either advancing

The official statement of the Mexican government is available at the following address: https://www.gob.mx/semarnat/
prensa/mexico-antepone-el-principio-precautorio-y-la-justicia-climatica-en-la-experimentacion-con-geoingenieria-

solar?idiom=es

See also: https://www.technologyreview.com/2022/12/24/1066041/a-startup-says-its-begun-releasing-particles-into-

the-atmosphere-in-an-effort-to-tweak-the-climate/

See IPCC AR6 (2022), especially Section 14.4.5 International Governance of SRM and CDR
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or delaying effective action on climate change. Globally, the cumulative number of climate
change-related cases has more than doubled since 2015. Just over 800 cases were
filed between 1986 and 2014, while over 1,000 cases have been brought in the last six
years” (Setzer & Higham, 2021]. Although there is no evidence yet of lawsuits focused
on climate engineering, activism by directly affected individuals and citizens can be seen
as an important example of paying cultural attention to these issues, and of ensuring
participation by the general public.
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138. Whereas the most important, urgent, and indispensable climate actions are mitigation
and adaptation (see above, paragraph 33), COMEST encourages Member States and
all relevant stakeholders to adopt the ethical principles outlined in this report when
making decisions on climate actions including climate engineering, and recommends the
following [not listed in order of importance):

a. Governance

Vi.

vii.

viii.

Decision-makers should pursue comprehensive, open, and responsible
collaboration and constant monitoring of all climate actions, including climate
engineering technologies. This is necessary owing to the intrinsic nature of
decisions on climate action, which might not be fully ethically defensible in all
cases [see paragraph 8).

Decisions on climate action, including climate engineering, should be taken
according to an ecosystem-flourishing approach and intergenerational and
distributive justice considerations.

Decisions on climate engineering techniques should be made considering the
scientific knowledge on which they are based, the specificity of technology
under consideration, the degree of uncertainty in the likely outcome of the
implementation, the likelihood or otherwise of reversing a proposed deployment,
the cultural assumptions and implications, and the distribution of risks.

Member States have an obligation to prevent harm to their citizens, and this
includes protecting them from the harmful effects of climate change. Therefore,
it is necessary for Member States to introduce legislation which, in accordance
with international standards (mainly those of the United Nations), regulates
climate action, including climate engineering.

Member States should consider the transboundary impact of their decisions
on all human beings and ecosystems as a global responsibility. As such, they
are encouraged to provide and facilitate access to information, and initiate both
international and cross-cultural dialogue on such impacts.

Regionally based agreements among countries belonging to a geographic area
and shar environmental resources or problems should be encouraged in order to
avoid risks of unequal spatial distribution of effects (see paragraph 63).

Any proposal to deploy climate engineering technology should be combined with
practical methods of mitigation.

Any use of climate engineering techniques as a weapon (weaponization) should
be universally banned.

b. Participation and inclusiveness

A

In addition to Member States’ efforts at a national level, a multilevel, polycentric,
participatory approach from international cooperation down to regional
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activities within local communities should be encouraged for all climate actions,
including climate engineering.

The innovative, positive engagement of civil society and citizens as regards
climate action, including climate engineering, should be welcomed and
encouraged in its participative role, in order to increase democratic pressure on
relevant governments and institutions to fulfil their international obligations.

Member States must ensure that vulnerable, neglected, and marginalized
individuals and groups, women, youth, and indigenous people are included as
key stakeholders in the development and implementation of policies, decisions,
and activities in all matters of climate action governance, and that their interests
are properly taken into account.

Role of scientific knowledge and research

Scientific research on climate action, including climate engineering, should be
free from unjustified interference by political or economic interests, and have the
aim of better identifying and reducing the scientific and societal uncertainties
over the efficacy, benefits, and risks of the various technologies.

Scientific research on climate change, including climate engineering techniques,
should be encouraged when it consists of indoor research investigations,
involving theoretical analysis, social science research, computer simulations
and modelling, and laboratory experiments. In the case of small-scale outdoor
SRM experiments and potential large-scale SRM deployments, in addition
to following ethical standards of research, attention must be paid to potential
conflicts of interest, transparency and accountability, cultural implications,
different disciplinary perspectives, and public engagement.

Any decision on climate action, including climate engineering, should be
based on scientific evidence and data (see paragraph 82, and adopt effective
interdisciplinary approaches.

Sharing of scientific knowledge and research data is a global responsibility for
anyone involved in climate research, including climate engineering, in order to
ensure informed policy-making and public debate on climate change.

The impact of climate action including climate engineering technologies in case
of deployment, should be regularly monitored to inform decision-makers at all
levels.

Strengthening capacity

Member States should strengthen their institutional, technological, and ethical
capacities as regards climate action, including climate engineering, and support
their public and civic capacity-building activities.
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When taking part in climate actions, including climate engineering, business and
industry should act ethically, follow relevant international standards, and closely
collaborate with public sectors, including local governments and appropriate
international organizations.

e. Education, awareness and advocacy

UNESCO should support ethicalissues related to climate action, including climate
engineering, as being an integral part of the curricula of relevant educational and
training programs relating to climate science and engineering.

UNESCO should play a prominent role in increasing public understanding
and awareness of the ethical challenges associated with climate actions,
including climate engineering, and of the importance of scientific and practical
uncertainties, and the need for democratic participation and decision-making.



ACRONYMS AND ABBREVIATIONS

ACRONYMS AND
ABBREVIATIONS

ARD, 6 etc.
CBD

CDR

CE

co

2

COMEST

DAC
ETC

GSMA
10C
loT
IPCC
ISAC
LC/LP

NAS
NASEM
n.d.
NDCs
NETs
NRC
PSAC
RRI
SR1.5
SRM
UNEP
UNESCO
UNFCCC
WLAN

IPCC Fifth, Sixth Assessment Report, etc.
Convention on Biological Diversity (United Nations)
carbon dioxide removal

climate engineering

carbon dioxide

World Commission on the Ethics of Scientific Knowledge and Technology
(UNESCO)]

direct air capture

“The ETC Group monitors the impact of emerging technologies and corporate
strategies on biodiversity, agriculture and human rights”

Global System for Mobile Communications Association
Intergovernmental Oceanographic Commission (UNESCO)
Internet of Things

Intergovernmental Panel on Climate Change (United Nations)
integrated and communication technology

London Convention and London Protocol on the Prevention of Marine Pollution
by Dumping of Wastes and Other Matter, 1972

National Academy of Sciences (United States of America)
National Academies of Science, Engineering and Medicine

no date

nationally determined contributions

negative emissions technologies

National Research Council (United States of America)
President’s Science Advisory Committee (United States of America)
responsible research and innovation

IPCC Special Report on Global Warming of 1.5°C 2

solar radiation modification

United Nations Environment Programme

United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change

wireless local area network
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